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BAI GIANG CHUYEN DE

Thi giac may tinh hiéu nang cao trén thiét bi bién:
Goc nhin tlir cac mo hinh lightweight

High-Performance Computer Vision on Edge Devices: A Lightweight Model Perspective

Tédng quan cac nghién clru m&i nhat 2024—2026

Trwong hé Edge Al 2026 - DPHBK Ha Noi - 10—-14 thang 8, 2026 Dong tai tro: Tap doan SAMSUNG x Tap doan NAVER
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GIOI THIEU

Poi twong va muc tiéu cua bai giang

POl TUONG PHU HOP MUC TIEU PAU RA

Pa nam CNN va ViT & mirc co ban Téng quan cac backbone nhe SOTA kém s6 liéu

Cap nhat két qua SOTA 2024-2026 Bon ky thuat nén: lwong tlr héa, chwng cat, cat tia,
NAS

Mudn hiéu vi sao mé hinh nhé van dat dé chinh xac

cao Hiéu YOLO26, EfficientSAM3 va ly do thiét ké

Tim hiéu hwéng nghién cltru vé Edge Al Nguyén ly thiét ké
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NOI DUNG

5 phan

0

HUST

Vi sao Edge Al?

Pong lwc - iing dung - tam giac danh dbi - gi¢i han ciia FLOPs - phan cing

Backbone siéu nhe SOTA
MobileNetV4 - iFormer - RepViT - SHVIT - MicroViT - TinyNeXt - Mamba

Nén mo hinh
Quantization INT8/INT4/NVFP4 - distillation - pruning - NAS

Ttr mé hinh dén tac vu
YOLO v11 — v12 — 26 - thu nhd SAM - chubi cng cu - kich ban trng dung

Huan luyén tai bién & hwéng nghién ciru
Federated Learning - xu huéng 2026+ - tong két




0

DONG LUC & KHUNG TU DUY

Vi sao phai dwa Al xuong
bien?

Pong lwc - wng dung - tam giac danh dbi - gidi han cua chi
s6 FLOPs - phan cing.

@) husteduvn @ fb.com/dhbkhn




PHAN 0 - BOI CANH

Vai tro Cloud Al va Edge Al

CLOUD Al EDGE Al

M6 hinh khéng 16, hang ti tham s6, GPU/TPU Suy luan tai chd, hoat ddng ca khi mat mang
datacenter

Round-trip mang = khéng dap tng thdi gian Giam dir liéu thé roi thiét bi; riéng tw van can co
thwe ché bao vé

D@ liéu phai ri thiét bi: rai ro riéng tw + chi phi Rang bubc cirng: RAM vai tram MB, chay pin, tan
bang thdng nhiét thu dong

Edge khong thay thé cloud: cloud phu hop véi huan luyén va md hinh I&n; edge phu hop véi suy luan cuc bd, do tré thap va gidam truyén dir liéu tho.

[1] H. B. McMahan et al., “Communication-Efficient Learning of Deep Networks from Decentralized Data,” AISTATS, 2017.
[2] L. Zhu, Z. Liu, and S. Han, “Deep Leakage from Gradients,” NeurlPS, 2019.
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PHAN 0 - PONG LUC

Pong lwec day Al xuong bién

Do tré Riéng tw

Xe tw hanh & 60 km/h di 1,7 m moi 100 ms. Phan xa Anh y t&, camera nha may, khudén mat ngudi dung:
phanh phai dwoi 100 ms - cloud khong kip. phap ly va dao dirc déu doi dir liéu & lai thiét bi.
Ning lwong Két noi

Truyén di¥ liéu qua mang thuwdng ton thém nang lwong  Drone ndng nghiép, camera viing sau: mang chap

so v&i x& ly cuc bd. Suy luan local tiét kiém pin hon gt chon ho&c khong cd. M6 hinh phai hoat dong déc 1ap.
anh di.

mo hinh tét = tot trong RANG BUQC, khéng phai tot tuyét doi trén cac bang xép hang
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PHAN 0 - ’NG DUNG

Xe tw hanh

Nhiéu camera, lidar, radar d(‘“)ng thoi
tao di¥ lieu lién tuc, can ra quyét
dinh x@ ly tai xe v&i do tré thap

Nong nghiép chinh xac

Drone va robot nhan dién cay trong,
sau bénh tai chd; hiru ich khi nang
lwong va két ndi mang bi gi¢i han.

HUST

Smart Factory

Kiém tra 16i sdn pham theo thoi gian thuc
ngay trén day chuyén; edge computer
dat gan camera va may san xuat.

Thanh pho théng minh

Phan tich nhiéu luong camera gan nguon
d liéu; giam bang thdng truyén video va ho
tro canh bao thdi gian thyec.

Thiét bi deo y té

Theo doi ECG, nhip tim v‘é tin hiéu sinh ly;
Xt ly cuc bo gilip phan ho6i nhanh va giam
truyén dir liéu nhay cam.

Dién thoai / AR

Phan vung anh, nhan dién va hiéu wng
camera thg‘yi gian thyc; Al thwdng dwoc ’
tang toc bang NPU/Neural Engine trén thiét
bi




PHAN 0 - NGUYEN TAC THIET KE 1

Panh doi da muc tiéu: accuracy - latency - resources

Pat dang cau hoi

Khéng phai “md hinh nao t6t nhat”, ma hai“ vai latency/
ACCURACY memory nay, md hinh nao cho accuracy cao nhat?”.
Tao ra SOTA =
LATENCY Cung latency - accuracy cao hon; hoac cung accuracy
- latency, memory hay energy thap hon.

Cac muc tiéu thwdng xung dot; thiét ké tot tim diém can
bang phu hop véi ngan sach trién khai

Moi nén tang c6 diém t6i wu khac nhau

MCU, NPU dién thoai, Jetson: cung bai toan nhwng ba Iwa chon mé hinh
khac nhau = cuing bai toan nhwng cé thé c6 cac md hinh khac nhau
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PHAN 0 - NGUYEN TAC THIET KE 2

FLOPs khéng hoan toan la toc do: it phép tinh chuwa
chac chay nhanh

Vi SAO FLOPS KHONG PHAN ANH TOC PO

Latency khéng chi phu thudc sd phép tinh ma con phu thudc truy cap bd nhé, loai toan tie, mirc dd
song song va kha nang toi wu cta phan cirng/runtime. Vi vay, hai mé hinh c6 FLOPs twong dwong
van co thé chay rat khac nhau trén chip that.

Do trén phan clrng nao? Do latency thé nao? Keéet qua?

iPhone ANE, Jetson Orin, EdgeTPU End-to-end hay chi inference? C6 gém tién/hau xr  Nén bdo cao nhiéu model/ciu hinh & cac
T I A ly khong? Batch size bao nhiéu? Bao p50 hay p95  murc accuracy - latency - memory/energy khac

CPUARM ... cung mot model co thé (d6 tr& dién hinh hay do tré & trwong hop cham)?  nhau, thay vi chi chon mot model “tt nhat”.

cho latency rat khac nhau
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PHAN 0 - GOC KY THUAT

Compute-bound hay memory-bound: nhin qua
arithmetic intensity

CAC TRUONG HOP DE Bl MEMORY-BOUND
ARITHMETIC INTENSITY

AI = sb phép tinh /sb bytes dit 1liéu di chuyén

Depthwise conv: Mbi kénh dwoc x Iy gan nhw ddc 1ap nén sé phép tinh kha it.
Nhwng dir liéu van phai dwoc doc tir bd nhéd va ghi két qua tré lai. Vi it tinh toan
nhwng van phai di chuyén nhiéu dir liéu, tdc dd dé bi gi¢i han béi bang théng bd nhé.

Al thap thudng nam & viing memory-bound: tdng nang luc tinh toan
¢ .. p S, X 1s Lu n A L Phan giai cao: Feature map cang I&n thi cang chiém nhiéu bd nhé. Khi khdng con
chua chac giup nhanh hon néu ndt that van la bang thong bo nho. n&m vira trong cache, chip phai thuwong xuyén lay di liu tr RAM/DRAM: vén

Al thap + dwoi nguwdng cla phan cirng — memory-bound cham va tén nang lwong hon nhiéu so vai truy cap cache.
Al cao + vuwot ngueédng — cd xu hwéng compute-bound
Nhiéu nhanh hoéc nhiéu toan tir nhé: Mbi nhanh cé thé tao ra tensor trung gian riéng.
Sau dé hé thdng phai ghép, tach, doc va ghi cac tensor nay nhiéu lan. Du tbng FLOPs
khéng cao, chi phi di chuyén di¥ liéu va goi nhiéu kernel van c6 thé 1am chwong trinh
cham.

Attention chwa fuse: Attention thwdng cé nhiéu bwéc lién tiép nhw tao ma tran
diém sb, softmax réi nhan tiép. Néu mbi buwédc déu ghi két qua trung gian ra bd nhé
réi doc lai & budc sau, lwong div liéu di chuyén rat Ion. Fused attention c¢b gang
gop nhiéu bwdc lai & gitr dir liéu gan compute unit hon va gidm doc/ghi bé nho.

Memory-bound xdy ra khi chip danh nhiéu thoi gian “cho dit liéu dwoc mang t&i”
hon la thuc su tinh todn.

Nhiéu k{ thuat toi wu Edge Al cung hudng tdi mot muc tiéu: giam luvong dit liéu trung gian, tan dung lai dit liéu
tot hon va han ché viéc doc/ghi bd nha.
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PHAN 0 - NEN TANG TRIEN KHAI

Phan cirng Edge Al: mé hinh phai phu hop véi thiét

bi dich

NEN TANG TAI NGUYEN MO HINH PHU HOP

PNG DUNG

MCU / TinyML Hang chuc KB = vai MB 5 hinh cwe nhé vi du MCUNet
RAM; dién nang rat thap

- . GB RAM, gi®i han pin Lightweight CNN/ Hybrid
Dién thoai / NPUL & nhiét (iFormer, MobileNetV4, RepViT)
4-64 GB, ~7—60 W Detection, segmentation

Jetson / Edge GPU (YOLO26, EfficientViT-SAM)

tuy thiét bi

GPU roi, tai nguyén Nhiéu model dong thoi, batch
’ nhd, multi-stream

Edge server . P
va cong suat I&n hon

Khdng chon model chi theo accuracy: phai kiém tra peak memory, latency,
operator support va power trén chinh phan cirng dich.

Cam bién thdng minh, loT

Camera, AR/XR, xtr ly anh on-
device

Robot, xe tw hanh, camera
cOng nghiép

Gateway nha may, nhiéu
camera, ha tang cuc b
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BACKBONE SIEU NHE - SOTA 2024-2026

Cac hwéng thiet ke
backbone hiéu qua

Cac md hinh m&i va nguyén ly thiét ké rat ra tir ching

@) husteduvn @ fb.com/dhbkhn




PHAN 1 - BOI CANH

~2012-2020 2020 > 2022 - 2024 -
CNN ViT Hardware-aware / Efficient SSM/ Vision Mamba
MobileNetV1-V3, EfficientNet. ViT, DeiT, Swin. MobileViT, EfficientViT, FastViT, VMamba, EfficientViM.
Gioi bat dic trng cuc bd, chay Co ché chu y gitip mé hinh NEYITE I IENES S, (FBTEE Siil: NAm bt thong tin toan cuc vi
hié 3 trén phan cirng; thén nam bat quan hé gitra cac vun = IREIIS e e tehlel JEp oy chi phi tang tuyén tinh theo

IeU qua P g, \ 9 i q . -_9 A - 9 ché chu y, wu tién dd chinh xac, do tré P 9 N y
tin toan cuc duwoc tich Idy dan ¢ xa nhau; doi lai can nhiéu va bd nhé khi chay trén thiét bj thuc. kich thu;dc dau véq; mot hwdng
qua nhiéu I&p. tinh toan va bd nh& hon. thay thé cho co ché chuy.

Cac hudng mai khong xéa hudng cii: ching ké thira va tai két hgp nhirng thiét ké hiéu qua.

HUST



PHAN 1 - CHI PHi CAC KHOI

y

Chi phi cua cac khoi co ban: tinh toan va bé nhé&

CHI PHI TINH TOAN HANH VI TREN BO NHO

M6t vang di¥ liéu dau vao dwoc tai st dung nhiéu lan cho nhiéu

Tich chap 3x3 théng thwong O (H-w-C? -9) phép nhan—cong. Vi vay méi lan doc di liéu c6 thé “lam dwoc
: nhiéu viéc”, tan dung cache va phan cirng kha tot.

Depthwise x( ly tirng k&nh riéng, nén médi phan tlr dwoc doc vao nhwng chi

DepthWise 3X3 + pOintWise 1)(1 0O (H “W-'C-9 + H-W-C?2 ) tham gia it phép tinh. D liéu van phai doc/ghi gan nhw day da — sb

FLOPs giam manh nhuwng Iwu lwong bd nhé khdéng giam twong rng.

Phai tao va xt ly nhiéu tensor trung gian, dic biét la ma tran quan hé gilra
- 1 2 . cac token. Néu cac tensor nay dwogc ghi ra b nhé roi doc lai & bwéce sau,
Self attentlon O (N d) lwong di¥ liéu di chuyén tang rat nhanh khi so token lon.

th“)ng can lwu ma tran quan hé NxN nhu attention. Trang thai dwoc cap nhat
tuan tw qua cac token, nén lwvong bd nhé trung gian tang cham hon; tuy nhién toc

Selective scan (SSM) Tuyen tinh theo N d6 thuc té vAn phu thudc viéc kernel c6 gitr dwoc dir lidu gan bd x Iy hay phai

doc/ghi boé nhé nhiéu lan.

N = s& phan tlr/token trong chudi. Cac cdng thirc chi cho biét xu huwdng chi phi; tdc d6 thuc t& van phai do trén phan clng va trinh thwe thi muc

tieu.
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PHAN 1 - GOOGLE - ECCV 2024

Y TUONG & KIEN TRUC

- _ KET QUA
Muc tieu “universal”

Dong MobileNetV4 duoc thiét ké dé dat hiéu qua tot trén nhiéu loai phan cng: 8 70/
CPU, GPU, DSP... o

Top-1 ImageNet-1K, MNv4-Hybrid-L sau
UIB - Universal Inverted Bottleneck distillation

Mot khéi linh hoat véi cac depthwise convolution cd thé bat/tat; tr cing mot cau tric ¢

thé tao ra nhiéu kiéu block nhu Inverted Bottleneck, ConvNeXt, FFN va ExtraDW. 3 5 8 m s

_ latency trén Pixel 8 EdgeTPU
Mobile MQA

Nhiéu dau truy van dung chung key/value = gidam dit liéu phai doc/ghi; nhanh Phan Ion dat diem can bang rat tot gitra do chinh xac
. _ _ . o , va do tré trén nhiéu nén tang dwoc benchmark
hon ho'n 39% so v&i multi-head attention trén cac bd tang toéc di dong trong thu

nghiém cla paper.

NAS hai giai doan

Tim cdu tric tong thé trudce, sau dé tinh chinh chi tiét - tang hiéu qud tim kiém va

ma& rong khong gian model.

Paper: MobileNetV4: Universal Models for the Mobile Ecosystem (ECCV 2024)

HUST




Bai hoc thiét ké: tao mét khi du linh hoat, réi & NAS chon cau hinh phu hop véi d6
chinh xac va phan ctrng muc tiéu.

HUST

PHAN 1 - GOC KY THUAT

UIB: hai depthwise tily chon tao bon bién thé

CAU HINH

DW TRUGC MO
RONG

DW SAU MO
RONG

Y NGHIA

CAU HINH TONG QUAT
FFN

[DW?] — 1x1 expand - [DW?] — 1x1

X

X

Chi con hai lop
1x1 dé bién ddi va
tron thong tin
gilra cac kénh

project

ConvNeXt-like

UIB thém hai vj tri depthwise tuy chon vao cau tric
inverted bottleneck. NAS quyét dinh cé dung tirng

Tron thong tin
khong gian trudc
khi m& réng s6
kénh = ré hon

depthwise hay khdng va cé thé chon kich thudc kernel.

Inverted
Bottleneck

M& rong kénh
trudc réi moi
depthwise - kha
nang biéu dién
cao hon nhung
ton hon

ExtraDW

Dung ca hai
depthwise - tang
dd sau va vung
guan sat

Paper: MobileNetV4: Universal Models for the Mobile Ecosystem (ECCV 2024)




PHAN 1 - GOC KY THUAT

Mobile MQA: dung chung key/value dé giam bang
thong bo nho’

MULTI-HEAD (MHA) MULTI-QUERY (MQA)

Mbi head c6 Q, K, V riéng. Vi vay phai tao va x ly nhiéu bo K/V, Van gil* nhiéu query head, nhung tat ca dung chung mot head
lam tang lwogng dit liéu can doc/ghi b nhao. K va mot head V = giam lwong K/V can tinh, luu va doc lai.
Téc d6 thuc té con phu thudce céch trién khai; trén phan cing, Mobile MQA gitp phan attention nhanh hon 39% so véi MHA
viéc doc/ghi di¥ liéu tir bd nhd cé thé trd thanh nat that. trén cac accelerator di dong duoc thir nghiém, véi chénh léch

accuracy chi -0,03 diém %.

Diém can nhé&: MQA khéng chi gidm phép tinh ma quan trong hon [a gidm lwgng K/V phai di chuyén qua bd nhd: dac biét cd loi khi bdng théng la
nat that.

Paper: MobileNetV4: Universal Models for the Mobile Ecosystem (ECCV 2024)

HUST



PHAN 1 - ICLR 2025

iIFormer: ket hop ConvNet x Transformer, toi wu theo
do tre tren iPhone

Y TUONG & KIEN TRUC

N . o A KET QUA
Cac tang dau: wu tién tich chap

Feature map & cac tang dau con I&n nén dé bij gidi han bai truy cip bd nhé. iFormer gilt cac phép tich chap o
d3 dwoc t6i wu tot trén phan cirng, dong thoi thay LayerNorm bang BatchNorm va phan bé lai sd block giira o
cac stage dé giam d0 tré J

top-1 tai 1,10 ms trén iPhone 13

Stage 3 va 4: SHMA khi feature map nho

Khi d6 phan gidi nhd hon, dwa attention vao dé hoc quan hé toan cuc ma khéng lam — 1 7 4x

chi phi tang qua manh. _ )
nhanh hon FastViT-SA12 ¢ cung accuracy

twong dwong
Single-Head Modulation Attention

hai nhanh: mdt nhéanh gilt dac trung dnh, mét nhanh dung attention dé xac dinh ngi¥ cdnh quan trong. Hai nhanh Vwot MobileNetV4-Conv-M khoéng 05
dugc nhan véinhau dé attention diéu chinh dac trung can gilr hay gidam. L ’
diém ¢ do tré twong duong.
Thiét ke theo latency do that

Moi thay ddi dwoc kiém tra truc tiép trén iPhone 13, thay vi chi nhin FLOPs.

Paper: iFormer: Integrating ConvNet and Transformer for Mobile Application (ICLR 2025)
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PHAN 1 - GOC KY THUAT

SHMA: dung single-head attention dé tao ngir canh dieu khién dic trung

CO CHE
Ngt canh: Pac trung — Self-Attention mdét head —» thdng tin toan cuc

bdc trung — phép chiéu tuyén tinh
bau ra = sigmoid(ddc trung) x sigmoid(nglt canh)

M6t nh&nh git va bién dbi ddc trung hién tai; mdét nhdnh dung attention dé xdc dinh théng tin toan

cuc quan trong. Hai nhdnh dugc nhan véi nhau dé nglt canh diéu chinh ddc trung dau ra.

Van c6 softmax attention Giam chi phi cua Multi-head Loi ich dwoc do
« Cac token van dwoc so sanh v&i nhau  Dung mét head gidp gidm cac thao tac chia—ghép » Nhanh hon: MHA — SHA giam do tré tir 1,40 ms
dé xac dinh mirc do lién quan. va sap xép lai di liéu cia multi-head attention. xuong 1,12 ms trén iPhone 13, twvong dwong
. Softmax bién cac didm lién quan thanh ~ * Qva K ciing dugc giam s chiéu, gidp giam thém hosng 1.25x nhanh hon.
* D6 chinh xac giam rat it: chuyén sang mét head chi

X R EPE Ky g0 lwong tinh toan va dir liéu phai xtr ly. )
trong s6 chu y, tir do quyét dinh token 9 T Tomn va Gk et phal Xy ‘ lam giam khoang 0,1 diém Top-1.
- Muc tiéu la gilr kha nang nhin toan cuc nhwng lam

nao can dworc lay thong tin nhiéu hon. | R - SHMA bu lai chat lwong: SHA 14y théng tin toan
attention nhe hon trén thiét bi di déng. . . s 4R ik . y
- SHMA khong loai bd attention; né chi cuc; SHMA dung thong tin dé dé diéu chinh dac

giam tr nhidu head xuéng mot head trwng, giup bt phan dd chinh xac bi mat ma van
' | git loi thé vé do tré.

Paper: iFormer: Integrating ConvNet and Transformer for Mobile Application (ICLR 2025)
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PHAN 1 - NGUYEN LY CHUNG

DPat attention & dau? Phu thudc so token

TANG NONG TANG GIUDA TANG SAU
56%x56 = 3 136 28%x28 = 784 7x7 = 49 token
token token -
Chi con:
Ny .2 . \ 2 = -
Né&u dung attention toan cuc, phai xét S6 cap giam con: 784% = 615 nghin 49Atte2r.14tli(c)):1 fsgnt?;ir}ac hay ré hon
? Y AN H

khoang: 3.1362 = 9,8 triéu cip token ~ Nhe hon khoang 16x so voi tang A - !

,g ., . _p, . 56x56; co thé bat dau dung attention nhAleu, q’ac tr~u’ng cung thuong mang
— Chi phi tinh toan va bo nhd rat 1on. he thong tin nglr nghia cao hon.
— Conyv, giam do phan giai — Conv + attention nhe — Attention / SSM

Tur 3.136 xudng 49 token, sb cap token gidm 4.096x. Vi vay nhiéu kién trdc hybrid x& ly cuc bd & tdng ndng va dua co ché twong tac toan cuc vao cac
tang sau hon.

HUST




PHAN 1 - CVPR 2024

ViT

Y TUONG & KIEN TRUC

) L _ KET QUA
Hwong tiep can ngworc lai

Bt dau tir MobileNetV3, roi lan lvot dwa cac nguyén tac thiét ké hiéu qua cda ViT 8 O O 0/
nhe vao CNN. J 0

top-1 ImageNet, RepViT-M1.0
Tach xtr ly khéng gian va xtr ly kénh thanh hai phan riéng:

Depthwise conv tron thong tin gitra cac vi tri; conv 1x1 trén thong tin 1 O m s
gilra cac kénh )

i . trén iPhone 12; RepViT-M1.5 dat 82,3% & 1,5 ms (300 epoch + distillation)
Tai tham so6 héa cau truc
Huan luyén v&i nhanh phu dé hoc tot hon; khi suy luan gop lai dé giam Tén M0.9 / M1.0 / M1.5... chinh la murc latency
chi phi tinh toan va b nho. muc tiéu do trén iPhone 12 trong paper.
CNN thuan, khdng self-attention

Gilr toan bd backbone bang convolution, thuan loi cho trién khai trén thiét bi di
déng

Paper: RepViT: Revisiting Mobile CNN From ViT Perspective (CVPR 2024)
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PHAN 1 - GOC KY THUAT

RepViT: nhiéu nhanh khi huan luyén, mét phép tich chap khi suy luan

KHI HUAN LUYEN KHI SUY LUAN

Nhanh 1: Depthwise Conv 3x3 + BN Gop ca ba nhanh thanh mét Depthwise Conv 3x3 duy nhat r6i BN
Nhanh 2: Depthwise Conv 1x1 ¢ 1x1 > 3x3:thém s6 0 xung quanh kernel 1x1.

Nhanh 3: gitt nguyén d3u vao (identity)  Identity > 3x3: biéu dién bang kernel c6 1 & chinh gitra,
- cong ba két qua > BN 0 & cac vi tri con lai.

Khi hudn luyén, nhiéu nhanh gidp khéi cé cau tric phong phd hon dé hoc.
Nhung néu gilt nguyén ba nhanh khi trién khai, thiét bj phai chay nhiéu phép
toan roi cong két qua.

K&t qua: lic huan luyén dung cau tric nhiéu nhanh; Idc suy luan chi con mot depthwise 3x3 tuwong dwong vé mat todn hoc = bo chi phi cha cdc nhanh va phép cong

trung gian.

Paper: RepViT: Revisiting Mobile CNN From ViT Perspective (CVPR 2024)
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PHAN 1 - CVPR 2024 - ISCAS 2025

SHVIT va MicroViT: giam dw thira bang attention mét head

SHVIT - CVPR 2024 MICROVIT - ISCAS 2025

Dw thira kép ESHA: Efficient Single-Head Attention

MicroViT khéng‘du’a toan b dac trung qua attention. N6 chi chon mot phé“m 3‘6
. i kénh dé xor ly bang attention mét head; phan con lai di theo dwdng nhe hon rai
nhiéu attention head c6 thé hoc théng tin twong ty nhau. dwoc ghép lai.

Giam sé token trwéc khi tinh attention

Key va Value c6 thé duwoc gidm dd phan gidi, nén attention phai so sanh it

& dau mang cé qua nhiéu token nén attention rat dat; & cac tang sau,

Giam token s&m + attention mét head

SHVIT gidm d6 phan gidi s&m bang convolution dé gidm sb token. O’ cac o o G
tAng sau, chi mét phan dac trwng di qua attention mét head; phan con lai token hon — giam tinh toan va doc/ghi b nho.
dwoc gitr lai réi ghép véi két qua.

Ket qua
Nhanh trén ca GPU lan mobile Thiét ké hwdng t&i ca do tré thap va tiét kiém nang lwong, thay vi chi giam
SHVIiT-S4 nhanh hon MobileViTv2 x1.0 khoang 3,3x trén GPU, 8,1x trén CPU ~ FLOPs.
va 2,4x trén iPhone 12, dong thdi cao hon 1,3 diém Top-1 trong benchmark Paper bao céo tbc do cai thién t&i khoang 3,6x va hiéu qua nang lwong tang
cla paper hon 40% trong cac thiét 1ap so sanh cla ho.

DPiém chung: v&i md hinh nhd, nhiéu head c6 thé dw thira. Gidm sb head, sb token va s kénh di qua attention c6 thé cai thién téc dd va ndng lwong ma van
gilr d6 chinh xac canh tranh.

Papers: SHVIT: Single-Head Vision Transformer with Memory Efficient Macro Design (CVPR 2024) - MicroViT: A Vision Transformer with Low Complexity Self Attention for Edge Device (ISCAS 2025)

HUST



PHAN 1 - GOC KY THUAT

>
N -~

Vi sao single-head cé theé gilr accuracy trong ViT nhe?

HUST

Nhieu head co6 the hoc thong tin giong nhau

Trong céc ViT nho ma SHVIT khdo sét, nhiéu head & cac tang sau tao attention map kha giéng nhau. V&i DeiT-T, d6 twong déng trung binh gitta cdc head & tAng sau |én
t&i 78,3%; viéc bd mdt s6 head cling chi lam accuracy thay dai it.

— Y nghia: khéng phai head nao ciing déng gép thdng tin hoan toan khac biét.

Multi-head tao thém chi phi doc/ghi bo nhé

Chia attention thanh nhiéu head can thém cac thao tac sap xép lai di¥ liéu nhw reshape. Paper cho thdy mét phan dang ké thdi gian ciia Multi-Head Self-
Attention cé thé nam & cac thao tac thién vé truy cap bd nhé nhw reshape va normalization, chir khéng chi & phép nhan ma tran
> Y nghia: nhiéu head hon khong chi thém kha nang biéu dién ma con cé thé thém overhead trén phan cirng that.

Khéng can cho toan b6 dac trwng di qua attention

SHVIT chi chon mdt phan sb kénh dé dwa qua single-head attention; cac kénh con lai dwoc gt nguyén réi ghép lai. Cudi khdi cé phép chiéu dé
thdng tin tlr attention lan sang toan bd sé kénh.

- Y nghia: dung attention ding phan can thiét thay vi xt¥ ly moi kénh bang attention.

Trong cac ViT nhe dwoc khdo sat, nhiéu attention head c6 thé duw thira. SHVIT vi vy dung mét head
trén mot phan s6 kénh dé gilr khd ndng md hinh hda toan cuc nhwng gidm chi phi tinh todn va truy
cap bo nho.

Paper: SHVIT: Single-Head Vision Transformer with Memory Efficient Macro Design (CVPR 2024)




PHAN 1 - ICCV 2025 - MUPC 1M THAM SO

TinyNeXt: dwa backbone ImageNet xuong mirc 1M tham so6

Y TUONG & Y NGHIA

Muc tiéu: khoang 1M tham s6

rat nho so vdi nhiéu backbone mobile truyén théng.

Vwot cac moc tham chiéu
TinyNeXt-T: 1,0M tham s0, 71,5% Top-1 ImageNet-1K - cao hon
MobileNetV1 (70,6%, 4,2M) va PVTv2-B0 (70,5%, 3,7M)

1M weights =4 MB FP32 hoac =1 MB INT8

DAy chi |3 trong s6; trién khai thuc con phu thudc activation RAM, workspace va
runtime.

Mé rong khéng gian TinyML vision
Thu hep dang ké kich thwéc backbone va hwdng téi thiét b bién tai nguyén
han ché. Paper xac nhan hiéu qua trén Jetson Nano va ARM Cortex-A57.

Paper: An Efficient Hybrid Vision Transformer for TinyML Applications (ICCV 2025)

SO LIEU

1,0M

tham sé - quy mé rat nhé cho backbone ImageNet

71,5%

top-1 ImageNet-1K

TinyNeXt-T cho thay backbone chi khodng 1M tham sé van
c6 thé dat do chinh xac canh tranh trén ImageNet-1K. Kh3
nang trién khai thuc t& van phai ki€m tra RAM, latency va
phan cirng dich.

HUST



Khéng c6 mé hinh toi wu

MO HINH PHU HOP

Can backbone cuc nhd; hwdng téi TinyML/edge han
Ti nyNeXt-T 1, 0M 71,5% ché tai nguyén, nhung phai kiém tra RAM thuc té trén
thiét bj dich

CPU/GPU/mobile; wu tién throughput

SHViT-S4 ~16,5M 79,4% . s . .
va giam overhead cua attention
] . pién thoai; CNN thuan, ~1,5 ms trén
RQleT'M1 .5 14 ’ OM 82 ’ 3% iPhone 12
. Dién thoai; wu tién latency rat thap: 1,10
~ o ) )
IFormer-M = 80,4% ms trén iPhone 13
] Phu hop v&i thiét bi cd bo tang tdc Al manh;
MNv4-Hybrid-L ~37M 87,0% dat 3,8 ms trén Pixel 8 EdgeTPU.

Mot s6 két qua sir dung distillation hodc recipe huan luyén khac nhau. Cac s6 liéu chi dung dé dinh vi quy mé va muc tiéu trién khai, khdng phai xép
hang truc tiép gitra cdc mo hinh.

Papers: An Efficient Hybrid Vision Transformer for TinyML Applications - SHVIT: Single-Head Vision Transformer with Memory Efficient Macro Design
RepViT: Revisiting Mobile CNN From ViT Perspective - iFormer: Integrating ConvNet and Transformer for Mobile Application

I Il ' S T MobileNetV4: Universal Models for the Mobile Ecosystem




PHAN 1 - SSM/MAMBA

State-Space Models: tranh viéc so sanh moi cap token

NUT THAT CUA ATTENTION HUONG GIAI CUA MAMBA / SSM

Moi token phai twong tac vdi nhau: Self-attention toan cuc tao Khong tao quan hé gilra moi cap token: SSM di qua cac
quan hé gitta moi cdp token, nén khi s token ting, chi phi ting token va duy tri mot trang thai gon de truyen thong tin.

rat nhanh. ,
Selective scan: hoc cach nh¢ va quén: M6 hinh quyét

Ton ca tinh toan va bd nhé: Ma tran attention I&n lam tang dinh théng tin nao can git lai khi x&r ly tieng token.
lwong dit liéu trung gian va doc/ghi bo nhd.

- Chi phi tang N2 —> Chi phi tang gan tuyén tinh theo N
I I

Attention két néi truc ti€p moi token nhwng chi phitdng nhanh; SSM truyén théng tin qua trang thai nén phu hgp hon khi sé token 16n.

Papers: Mamba: Linear-Time Sequence Modeling with Selective State Spaces - VMamba: Visual State Space Model (NeurlPS 2024)
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PHAN 1 - GOC KY THUAT

Selective scan: hoc cach giir va bo thong tin

CAP NHAT TRANG THAI THEO TUNG TOKEN

Token méi + trang thai trudc
- quyét dinh gitt gi, quén gi

— trang thai mdéi

Mamba khéng cap nhat trang thai theo mét quy tac cb dinh cho moi token. Mét sé tham sé thay ddi theo dau vao, nhé dé mé hinh c6 thé gitr théng tin

quan trong va bo théng tin it lién quan

VOl ANH 2D: CAN CHON CACH QUET Lo thé Piém can lwu y

Anh khong co thr tw tw nhién nhw mot cau van. Kh()ng can tao quan hé gitra moi cap to}<en nhuw self-attention. OgN) khéng tw ddng co nghia chay nhan’h hon trén moi chip.

VMamba vi vay quét anh theo bdn hwéng dé thu thap SO token tang — chi phi chinh tang tuyén tinh, phu hop hon khi Toc dé thwe con phu thudc cach quét, s6 huwdng quét va cach
' ' chudi dac trung dai. kemel duorc trién khai trén phan cirng

thdng tin tir nhiéu phia

Selective scan cd thé hiéu nhu mot bé nhd cé cdng: doc tirng token, gilt thdng tin
can thiét va bo phan khéng quan trong.

Papers: Mamba: Linear-Time Sequence Modeling with Selective State Spaces - VMamba: Visual State Space Model (NeurlPS 2024)

HUST



PHAN 1 - CVPR 2025

EfficientViM: lam Vision Mamba nhe va nhanh hon

Y TUONG & KIEN TRUC

Két qua
HSM-SSD: xtly trong trang thai 4n nhd hon
Thay vi thyc higen phan tron kénh tdn kém trén toan bd chubdi token, EfficientViM thwc hién nd O N
trén trang thai an da nén— it phép tinh hon va giam lwong dir liéu phai xt ly.

Chi phi tdng tuyén tinh theo so token
Giam nut that bd nhé

Thiét ké han ché cac phép toan phai doc/ghi nhiéu di liéu, vi nhirng Can béng tbc d6 — do chinh xac tbt

thao tac nay co thé lam mo hinh cham du FLOPs khc“)ng cao Trén ImageNet-1K, EfficientViM dat trade-off tdc d6—dd chinh xac
: t6t hon cac méd hinh nhe dwoc so sanh; paper bao cao cé cau

hinh vira nhanh hon SHVIT vira cao hon t&i 0,7 diém Top-1.

Két hop trang thai tir nhiéu tang

Théng tin trang thai 4n cta nhiéu stage (tang) dwoc két hop dé bu lai lwong théng
tin cd thé méat do nén, giip md hinh nhé nhwng van gilr kha nang biéu dién tét.

Y twdng chinh: nén théng tin vao trang thai an nhd, thuc hién phan x& ly t&n kém
& dd, roi két hop thong tin gitra cac tang dé gilr d6 chinh xac.

Paper: EfficientViM: Efficient Vision Mamba with Hidden State Mixer based State Space Duality (CVPR 2025)

HUST




PHAN 1 - TONG KET

Nam nguyén ly thiét ké can ghi nhé&

HUST

Phoi hop kién tric cé chu dich

Tang dau con nhiéu token > wu tién tich chap va giam do phéan gidi; tang sau it token hon > mdi dua attention hodc SSM vao.

Dung attention c6 chon loc
Giam s6 head, s6 k&nh hodc luvgng K/V phai x{ ly: SHVIT, Mobile MQA, SHMA... déu nham gii? loi ich cla attention nhung giam chi phi.

Huan luyén phurc tap, suy luan don gian
C6 thé dung re-parameterization hodc distillation khi huén luyén, nhwng mé hinh trién khai cudi cing van can gon va dé chay.

Thiéet ké theo phan cirng dich
Khong chi nhin FLOPs; phai do latency, bé nhé va nang lwgng truc tiép trén chip va runtime muc tiéu.

Thiét ké tong thé quyét dinh phan I&n chi phi

Céach chia stage, thoi diém gidam dé phan giadi va phan bé s6 kénh thudng anh hudng |&n hon céc tinh chinh nhé bén trong tirng block.




2

NEN MO HINH - SOTA

Khi kién truc tot van chwa
du nhe

Quantization INT8 — INT4 — NVFP4 - distillation - pruning -
NAS

@) husteduvn @ fb.com/dhbkhn




PHAN 2 - TONG QUAN

Bon ky thuat nén: dung khi nao

HUST




PHAN 2 - QUANTIZATION 1/4

Lwong tir héa: dwa so thwe vé cac mirc s6 nguyén

LUONG TU HOA AFFINE

clip(round(x/s) + z, gmin, gmax);

x: s6 thuc ban dau

g: s6 nguyén sau luong ti hoéa

x new: sb thuyc khéi phuc gan dung

s: dd 16n mdi budc luong tu

z: vi tri caa sb6 0 trong mién s& nguyén

Y twong: s thuc = 1am tron vé mot mirc s& nguyén = khi can cé thé khoi phuc lai gan dung.

Per-tensor Per-channel Per-block

Mét scale cho ca tensor: Don gian, dé trién khai;  Mbi kénh mot scale: Phu hop hon khi cac kénh igale tEeo khoi nlhér LLn_b hoatlhcrhn khi ‘dUr;gA s0 bit
nhwng néu cac kénh (3(’) mién gia tri rat khac nhau c’(') phan bd khac nhau; thuwong cho dd chinh xac Ljfé/?uiﬁeczﬂéﬁéntrgu seale nom va phan

thi d6 chinh xac cé the giam. tot hon khi lwong t&r hoa trong so.

Chia scale cang chi tiét thi lwvong t&r hda cang chinh xac, nhung trién khai cling
phirc tap hon.

HUST



PHAN 2 - QUANTIZATION 2/4

PTQ hay QAT: chon phwong phap nao

PTQ - POST-TRAINING

Khéng huan luyén lai; M6 hinh FP32 da huan luyén xong méi
duoc chuyén sang INT8/INT4.

Chi phi thap. V&i PTQ tinh, thwéng dung mét tap div liéu nho
dé calibration nham chon scale va zero-point phu hop.

V&i INT8, nén thlr PTQ trwédc; Néu dod chinh xac gidm qua nhiéu, méi can nhac QAT.

QAT - QUANTIZATION-AWARE

M phéng lwong tir héa ngay khi huan luyén.
cac gia tri dwoc lam tron nhu khi chay INT8/INT4, giip mo hinh hoc cach thich
nghi v&i sai s6.

M6 hinh hoc cach chiu sai s6. Trong s6 duoc diéu chinh dé

sau khi chuyén sang INT8/INT4 van gilr d6 chinh xac tét hon.

Toén thém thdi gian huan luyén, nhuwng hiru ich khi PTQ chwa dat
y&u cau hoac khi sb bit rat thap.

Quy trinh thyc té: thir PTQ trwdc > do d6 chinh xac va do tré = chi dung QAT khi PTQ chuwa dat muc tiéu.

HUST



PHAN 2

- GOC KY THUAT

QAT van hoc dwoc du c6 phép lam tron

STRAIGHT-THROUGH ESTIMATOR
Forward: van lam tron

— mé phdng sai so khi chay INT8/INT4: mé hinh thay dung sai s6 lwong tlr hoa

VAN DE

Phép lam tron tao ra cac muc rai rac:
0,1->0 0,2->0 04->0

P3au vao thay ddi nhung két qua van giir
nguyeén.

- Gradient bang 0 & hau hét cac diém

= M& hinh kho biét phai cap nhat trong s6
theo huwdng nao.

Backward:khi cap nhat trong sO, tam bo qua anh hwo’ng cla phép lam tron dé mé hinh van hoc dworc.
— cho gradient truyén thang qua dé trong s6 van cap nhat dwoc: chi mé hinh huwéng can diéu chinh

HUST

M6 hinh vira:

« thay dwoc sai sb lwong t hoa;
« vira tiép tuc hoc duorc.
Forward: c6 lam tron.

Backward: cho gradient di thang.

STE gitip QAT m6 phong lugng tlir hda khi tinh dau ra nhwng van gilr duoc
gradient dé huan luyén.




PHAN 2 - QUANTIZATION 3/4

Giam so bit: model nhé ho'n, nhwng chwa chac chay nhanh hon

FP32 FP16 INTS INT4 NVFP4
1x weight 2x weight 4% weight 8x weight 8x weight

M&c so sanh: dd chinh Gidm mot nira dung Th,u*bfng ‘Ié lwa chon thuc té{ Nho hon nira nhung sai s luong Dung sFaIe theo tirng kh6i
’ ) 9% ’ lwong trong s&. T6¢c d6 chi dé bit dau lvong tir hda; can ttr hoa khoA kiém s?]atvho’n - cc;] :che nhé dé gitr d6 chinh xac tot
xac s6 cao nhung ton T kiém tra d6 chinh xac va MY T CaI SIS AT, i) hon & 4 bit. NVFP4 duoc
tang khi phan cirng cé ho A ) nang téng toc phu thudc manh vao e L s e e
bd nhé& nhé’t tro EP16 hié > kernel trén phan ctrng dich. backend: NVIDIA thiét ké va tang toc
- . ro Ieu qua. TensorRT ho tro INT8 cho ca cho kién truc Blackwell

trong s6 va activation.

[t bit > trong s6 nhd hon; nhwng latency thyc t& con phu thudc kernel, kidu lwgng t&r hda va phan cirng dich.

HUST



PHAN 2 - QUANTIZATION 4/4

Vi sao ViT kho lwong tir héa? acrivarion cé outLier

VAN DE GIAlI PHAP CHIiNH

Mot vai gia tri bat thwong
Trong ViT, activation & mét s8 vi tri/lép c6 thé In hon nhigu so véi Muon lwgng t hoa tot hon, can giam anh hwong cua outlier trwéc khi

phan con lai chuyén activation xudng sb bit thap.
Cé thé di theo cac hwéng nhu:

Outlier lam bwéc lwong tir hoa Ién hon » Diéu chinh phan bo activation

Scale phai bao phu ca gia tri I&n - khoang cach gitra cdc mirc lugng tir tang. * Dung scale chi tiet hon

, s o T , , , M6t cach tiép can ndi bat la SmoothQuant: chuyén mét phan “dd khoé”
Cac gia tri nho bi bieu dién kéem chinh xac ' P C - y Lp :

Nhiéu gia tri binh thwong phai dung chung hodc rat it mdrc lwong tlr > sai s6
tang, dac biét & 4 bit

tlr activation sang weight trwdc khi lwong tir hoa.

Khong phai moi gia trj trong ViT déu khé lvgng tir hda nhu nhau; can chi y dac biét dén activation cé outlier.

HUST



PHAN 2 - GOC KY THUAT

SmoothQuant: activation dé lwong tir héa hon

VAN DE SMOOTHQUANT LAM GI
Mot s6 kénh activation co gia tri qua Ién Activation + d — gia tri nhd va déu hon
(outlier) — scale phai rong — lwong ti hoa Weight x d — bu lai phan da gidam = dau ra khéng doéi

INT8 kém chinh xac.

20 x 3 - 5 x 12 = 00

Loi ich C6 can huan luyén lai? Muc tiéu

Activation b&t outlier — scale nhé hon  Khéng. Dung mdt tap di liéu nhod dé Lwong t&r hda ca weight va activation

— dé lwong t&r hda INT8 hon. chon hé so d, diéu chinh weight mot xudng INT8 (W8A8) ma han ché gidm
lan trwere khi trién khai. dé chinh xac.

Giam dé I&n cla activation, chuyén sang weight: dau ra khéng ddi nhwng activation dé lwong té héa hon.

HUST



PHAN 2 - DISTILLATION

Chwng cat tri thirc: model nhé hoc tir model Ié&n

Teacher: mé hinh I&n, dd chinh xac cao. Student: mé hinh nhd, can trién khai nhanh.

TEACHER — STUDENT Khi huan luyén, student hoc thém théng tin tlr teacher; khi suy luan chi can student
— khdng tang chi phi trién khai.

Hoc dau ra Hoc dic trwng Hoc moi quan hé

Teacher khdong chi ndi “day la méo” ma Student tao ra dac trwng trung gian Student hoc cach teacher nhan biét mau
cho 90% méeo - 7% linh miéu - 3% cho. gidbng teacher > hiru ich khi mudn nao gibng nhau, mau nao khac nhau:
Student hoc mirc d6 giéng nhau gitra model nhd hoc céch biéu dién &nh cla khéng can sao chép chinh xac tirng dac

cac lo'p, thay vi chi nhan dang/sai. model lon. trung.

Vi SAO HIEU QUA?

Nhan ctrng chi néi “dap an dang l1a méo”. Teacher con cho biét: “rat giong méo, hoi gidbng linh miéu, gan nhw khéng
gibng 6 t6”: phan thong tin bd sung nay thwdng goi 1a dark knowledge.

Distillation giup model nhé hoc khéng chi “dap an”, ma con hoc cach model I&n phan biét cac 16p.

HUST



PHAN 2 - PRUNING

Cat tia: giam tham so chwa chac giam do tré

UNSTRUCTURED: XOA TUNG TRONG SO

M6t s6 trong sb vé 0, nhwng kich thwéce tensor gitr
nguyén: ma tran 100x100 van la 100x100, chi nhiéu
so 0 hon.

Uu diém: gidm lwong trong sé can lwu (véi dinh dang
sparse phu hop). Han ché: mubn chay nhanh can phan
clrng va kernel ho tro sparse.

Nhiéu so 0 # tw ddng chay nhanh hon.

QUY TRINH THUONG DUNG

STRUCTURED: XOA CA NHOM

Cat ca kénh, filter hodc attention head — tensor that
s nhd hon — s6 phép tinh gidm — dé tao tang toc
thuwe té hon.

Vi du: 64 kénh — cat con 48 kénh. Phan cirng van xu ly
tensor dense binh thwdng, chi la tensor nho hon.

Huan luyén — danh gia phan it quan trong — cat — fine-tune — do lai

Fine-tune gitip md hinh phuc hdi phan dd chinh xac bi mat sau khi cat.

Unstructured tao nhiéu sb 0; structured Idm mang that sw nhé hon. Tdc dd tang Ién cudi cung van phai do

trén phan ctrng dich.

HUST



PHAN 2 - NAS & KET HOP

NAS va két hop ky thuat nén: phai do sau tirng bwéc

NAS - TV DONG TIiM KIEN TRUC CO THE KET HOP NHIEU KY THUAT

Th nhiéu cau hinh, chon kién tric phu hop voi dé Distillation — model nhd hoc tot hon. Structured pruning
chinh xac + d6 tré + giéi han tai nguyén . — gidm kénh/block. Quantization — gidm so bit
MobileNetV4 dung NAS hai giai doan: tim cau truc téng weight/activation.

thé trwdre, roi tinh chinh chi tiét. ,
Vi du CQKD: két hgp ca ba trong cung mot framework.

Tim model phu hop phan cirng dich ngay tlr khau thiét
ké.

KHONG CONG/NHAN SPEEDUP MOT CACH MAY MOC

INT8 giip model nhd hon; pruning gitip gidam phép tinh. Nhwng két hop hai ky thuat khdng cé nghia toc do sé tang theo

phép nhan.

Phai do lai: d6 chinh xac - dd tré - RAM - nang lwong: trén phan cieng dich.

RINH THAM Chon kién truc — distillation/pruning néu can — quantization — benchmark sau tirng
bwdc.

HUST
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TP MO HINH PEN TAC VU - SOTA

Backbone chi la khéi dau

Detection v&i YOLO v11 — v12 — 26 - thu nhd SAM - chubi
cbng cu - kich ban trng dung.

@) husteduvn @ fb.com/dhbkhn




PHAN 3 - DETECTION

Phat hién vat thé th&i gian thwe: ba moc tham chiéu
gan day

Vi SAO YOLO PHO BIEN TREN THIET Bl BIEN

e YOLO dy dodn vj tri va |&p vat thé trong mdt mang duy nhat, phu hop vdi yéu cau x{r ly thdi gian thue.
« Nhwng toc dd thwe té van phu thudc kich thuwédc anh, hdu xi ly, runtime va phan cieng dich.

2024 2/2025 1/2026
Dong Ultralytics 6n dinh, dé trién khai Bua attention vao YOLO nhung v&n huong 161 thoi gian thic Tap trung don gian héa pipeline trién khai
2 - - Kién truc attention-centric e ]
Cg 5 kich cd: n,s, m, |, x Duing Area Attention va R-ELAN ) ' NMS-free mac dinh
HO tro train, inference va export gyc Itfé”i térlq kn% pérlyg mfhtﬂnh hﬁg {Ea \r:é}r}giﬁ’t:]ﬁc 66;1 96.:1n:1ht,ranh,- Bé DFL trong regression head
Phu hgp lam baseline thic té cho nhiéu bai toan Ulbaigtics, -y hond PRATS g A Theo Ghinh e & Hwéng téi inference end-to-end va trién khai edge

edge. don gian hon

Xu huwdng gan day: khéng chi tang do chinh xac, ma con giam chi phi attention va
don gian hda toan b pipeline suy luan.

Papers: YOLOv11: An Overview of the Key Architectural Enhancements (paper phén tich, 2024) - YOLOv12: Attention-Centric Real-Time Object Detectors
Ultralytics YOLOZ26: Unified Real-Time End-to-End Vision Models (2026)
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PHAN 3 - YOLOV11 - 2024

YOLO11: Iwa chon thwe dung dé trién khai

KIEN TRUC & HE SINH THAI

SO LIEU
C3k2 + C2PSA

C3k2 gitp trich dac trwng hiéu qua; C2PSA thém attention & cudi backbone dé lam 3 9 5
ndi bat thdng tin quan trong. J
MAP@50-95 trén COCO, ban v11n

Namco:n/s/m/l/x
2,6M dén 56,9M tham s6: phd moi phan cirng 2 . 6 M

x A r ke . tham s ban nano
Ho tro’ nhiéu bai toan thi giac

Detection, segmentation, pose, classification... déu cé model YOLO11 tuong &ng

Thuan tién khi trien khai
Ultralytics ho tro export sang nhiéu dinh dang nhw ONNX, TensorRT va CoreML bang
cung API/CLI.

Paper tham khado: YOLOv11: An Overview of the Key Architectural Enhancements (2024) - Nguén kién tric chinh thic: Ultralytics Docs

HUST



PHAN 3 - YOLOV12 - 2/2025

YOLOv12: attention tien vao YOLO

KIEN TRUC & KET QUA

SO LIEU
Area-Attention (A?%): chia nho vung tinh attention
Chia bdn d6 dac trwng thanh vai vung I&én theo chiéu ngang hodc doc, réi tinh attention trong 40 6
trng vung. J
it cap token phai so sanh hon — gidm chi phi attention nhwng van nhin dwoc ving réng mAP tai 1,64 ms trén T4 (ban N)
R-ELAN: giup mang hoc on dinh hon Hon v10-N 2,1 didm va v11-N 1,2 diém &

Residual ELAN: Thém dwdng truyén tat va td chive lai cach ghép déc trung  cling toc do GPU.

FlashAttention: giam doc ghi bé nhé& trén GPU

Khéng thay dbi y nghia cda attention, nhwng t6 chirc phép tinh hiéu qua hon dé gidm truy cap bd nho.

LUU Y

YOLOv12 cho thay attention van cé thé dung cho detection th&i gian thu'c néu gidm s6 vung twong tac va téi wu truy cap bd nhd.

Paper: YOLOv12: Attention-Centric Real-Time Object Detectors (2025)

HUST



PHAN 3 - YOLO26 - 1/2026

YOLO26: béo NMS dé don gian héa trien khai

BON POl MOI CHINH

End-to-end, khong can NMS mac dinh BENCHMARK CONG BO

YOLO26 dung one-to-one head dé tao du dodn cudi tryc tiép. 0

Khong can buwdc NMS phia sau > pipeline don gian hon, giam hau x ly. +43 /o

Bo DFL CPU ONNX: YOLO26n so v&i YOLO11n trén Intel
Xeon 2,0 GHz

Khdng con Distribution Focal Loss trong phan héi quy bounding box.
Detection head nhe hon va thuan tién hon khi chuyén model sang ONNX/TensorRT va cac runtime khac

Progressive Loss + STAL 40 ,9—57 ,5

lic dau cho nhiéu du dodn cung hoc mot vat thé; vé cudi tip trung vao mét du doadn chinh dé phu hop vdi
NMS-free.

e A C N ., - AP 1, 7-11, én T4 T RT, tuy co
STAL: gitp vat thé nhé khéng bi bd quén khi gdn nhan. mAP COCO 8 ms trén ensorRT, tuy co

MuSGD: ket hop SGD va y twéng tir Muon

Muon cén chinh hwéng cép nhéat trong sb dé tranh moét vai huwédng chi phdi qua
manh; YOLO26 két hgp cach nay véi SGD dé cai thién qua trinh huan luyén

Paper: Ultralytics YOLOZ26: Unified Real-Time End-to-End Vision Models (2026)

HUST



PHAN 3 - GOC KY THUAT

NMS-free thay doi pipeline trién khai nhw thé nao?

PIPELINE CO NMS NMS-FREE (YOLO26)
Model c6 thé tao nhiéu hép gidi han cho cung mét vat thé. YOLO26 duoc hudn luyén dé moi vat thé chi cd mot du doan

chinh, khdng can NMS

NMS 1a hau xt ly riéng; c6 thé chay CPU, GPU hoéc plugin tly backend: O ché do end-to-end méc dinh, YOLO26 tra vé ti da 300 detection méi
gitr hop gidi han t6t nhat trong sé cac hdp gidi han tring nhau anh, mbi detection da goém toa dd hdp gi¢i han, d6 tin cay va l&p.
NMS 1a mét bwde hau xi ly riéng, nén lam pipeline trién khai phirc it bwéc hau xt ly hon— code trién khai don gién hon.

tap hon. dod 6n dinh latency van can xac nhan trén backend dich.

Khéng phai moi backend déu hé tro NMS-free clia YOLO26; mdt sd dinh dang nhw Edge TPU va QNN hién tw quay vé head one-to-many va van can
NMS

Paper: Ultralytics YOLO26: Unified Real-Time End-to-End Vision Models (2026)

HUST



PHAN 3 - SEGMENTATION

Cac hwéng lam SAM nhe hon - ttr SAM1 dén SAM3

Bai toan: image encoder ViT-H clia SAM gbc khodng 632M tham so6: 1a thanh phan ndng nhat cia mé hinh.

1 - MobileSAM / EdgeSAM 2 - EfficientSAM
Thay phan x ly anh Ién bang mang nhé hon ?av e f;]hihf-ic dic P C0j=‘t 5’;’\{' I5n P s oo cAch th ta
MObIIeSAM dﬂng TlnyVI.I_’ EdgeSAM d[\jng RepV|T—M1, rong luc nuan iuyen, cne mot pnan ann va yeu cau mang nno hoc cach tal tao dac

trwng ctia SAM géc.

Khong chithay mang nhd hon, ma con tim cach huan luyén né tot
Mang nhé hoc lai tir SAM 1&n dé gitt kha nang phan vung nhung hon.
giam chi phi tinh toan.

3 - EfficientViT-SAM 4 - EfficientSAM3 (preprint 2025)
Gilr cach dung SAM, chi thay phan x(r ly anh Nen them ph:én\XG‘ lyvideo \ ,
Giltr phan nhan prompt va tao mask, thay ViT-H bing EfficientViT. V&i video, mé hinh con phai nhé théng tin ti cac khung hinh trudec.

EfficientSAM3 lam nhe ca:
phan xt ly anh = phan ghi nhé video > toan bé mé hinh

Muc tiéu: gitr kha ndng clia SAM nhung chay nhanh va nhe hon. Muc tiéu: giam chi phi khong chi cho anh don ma ca khi xr ly video.

Git» kha nang prompt ciia SAM: thay hodc chwng cat cac thanh phan nang dé gidm chi phi trién khai.

HUS I Papers: Segment Anything - Faster Segment Anything: Towards Lightweight SAM for Mobile Applications

EdgeSAM: Prompt-In-the-Loop Distillation for On-Device Deployment of SAM - EfficientSAM: Leveraged Masked Image Pretraining for Efficient
Segment Anything
EfficientViT-SAM: Accelerated Segment Anything Model Without Performance Loss

FffircientSAMR? Proarec<ive Hiararchical Dictillation for \Viden Concent Seamaentation from SAMA 2 and R (breprint)



PHAN 3 - CONG THUC CHUNG

Cach lam moé hinh thi giac I&n tréo nén nhoé hon

1

2

Gitr lai phan can thiét Thay phan nang bang phan nhe

Khéng nhat thiét thay toan bd mé

Phan x& ly anh thwdng chiém nhiéu
chi phi

hinh C s .
N s ) Thay encoder I&n bang encoder nho

= (G G [Pl el el e hon, vi du ViT-H/L — RepViT,

tot, chi t6i wu phan nang nhat. Vi du TinyViT T

SAM: gitr phan nhan prompt hay tao > Giam tham sé. B6 nh&, va thoi

mask gian x¢ ly

Coéng thirc chung: gitt phan can thiét - thay phan ndang > dung md hinh I&n dé day mé hinh nhé.

HUST

Papers: EfficientViT-SAM: Ac celerated Segment Anything Model Without Accuracy Loss
EfficientSAM3: Progressive Hierarchical Distillation for Video Concept Segmentation from SAM1, 2, and 3 (preprint)

3

Dung mé hinh Ién dé day mé hinh nhé

M hinh nhoé hoc dac trweng hodc dau ra tir mé
hinh l&n.

Sau d6 huan luyén thém trén bai todn can trién
khai..

> Muc tiéu: model nhé hon nhwng van giit
duoc phan 1én khd ndng cda model 1én.




PHAN 3 - CHUOI CONG CU

Tt md hinh huan luyén dén chay trén thiét bi

1 2 3 4

Huan luyén Chuyeén dinh dang Toi wu cho phan cirng Do trén thiet bi that
Hudn luyén mé hinh bang Chuyén mé hinh sang dinh Dung TensorRT, TFLite, Khéng chi do thoi gian chay clia
x 5 .. model ma can:
PRl e o a3 ek dang phu hop dé trién khai, CoreML, OpenVINO... tuy d6 trd - RAM - ning luong - nhiét
vi du ONNX. thiét bi. do

BA LUU Y KHI PO

(1) Chon mé hinh theo phan cirng trién khai, khéng theo accuracy (2) Do sau khi thiét bj da chay én dinh, khdng I4y 1an chay dau tién (3) Tdc d6 md hinh

nhanh chwa chac hé thdng nhanh néu Tién/hau x& ly con cham

HUST



PHAN 3 - KICH BAN 1

Xe tw hanh / robot giao hang — chon md hinh theo dd tré

thwe te

RANG BUOC

Xt ly nhanh méi khung hinh
Camera 30 FPS — mét anh moi ~33 ms. Muc tiéu 15-30

ms/model la ngan sach tham khao — kiém tra trén thiét bi
that.

D6 tré anh hwéng phan rng
O 60 km/h: cham thém 30 ms — xe di thém ~0,5 m. Khoéng
chi nhin do tré trung binh : theo déi ca p95/p99.

Chay dworc trén phan cirng dich

Jetson Orin dung dwoc TensorRT, nhwng van kiém tra:
model c6 dwoc ho tro - FP16/INT8 cé nhanh hon - RAM ¢c6
du.

HUONG LUA CHON

1 - Bat dau vé&i detector nhé
YOLO26-s/m la ing vién dé benchmark, khdng méac dinh tét nhat. Po
trwee tiép accuracy va latency trén Jetson Orin.

2 - Kiém tra vat thé nhé
Nguwoi di bd, bién bao & xa chi chiém it pixel - danh gia riéng trén div
liéu thuc té.

3 -Thw FP16 trwéc, INT8 sau
FP16 dé trién khai hon; chi dung INT8 néu gitr accuracy va thuc su
giam latency.

4 - Do toan bo pipeline
Camera — tién x& ly — model — hau x&r ly — két qua. Khéng chi do
riéng phan mang.

Model tét nhat khédng phai model mAP cao nhat: ma la model dat di dd chinh xac trong ngan sach do tré

cda phan ctrng dich.

HUST



PHAN 3 - KICH BAN 2

Smart Factory: kiém tra 16i ngay trén day chuyén

RANG BUOC HUONG LUWA CHON

Day chuyén chay lién tuc 1 - Phat hién 16i: detector nhé

San pham di qua camera lién tuc - md hinh phai x ly kip toc ~ Th&r YOLO11n / YOLO26n réi do truc tiép trén Jetson hodc PC cdng
dod cta day chuyén. nghiép. Chon model theo dd chinh xac + toc dé thuc té.

L6i c6 thé nhé va thay doi 2 - Khoanh chinh xac vung 16i: segmentation

Vét xwde, nirt, thiéu chi tiét... cé thé rat nhd - can phathién  Cé thé dung EfficientViT-SAM dé tach chinh xéac ving dwoc chi dinh.
tdt cd nhirng vung 16i nhd. SAM khéng tw biét dau 1a 16i - n6 tach vang khi da co diém, hop hoac

ving can quan tam.

Anh san pham can dwoc bao mat

D liéu co thé can xt Iy ngay trong nha may - khéng can gvi - 3 - Toi wu ngay trén thiét bj

anh |én cloud. Th&r FP16, sau do INT8 néu can. Po lai dd chinh xac - do tré - RAM
sau khi t6i wu.

M6 hinh tét Ia mé hinh vira di chinh xac, chay kip day chuyén va gitv di¥ liéu tai ché.

HUST



4

TUONG LAI - KET NOI TRUONG HE
Huan luyén ngay trén bién

Federated Learning - sdu huwdng nghién ciru 2026+ - tdng
két bon diéu mang ve.

@) husteduvn @ fb.com/dhbkhn




PHAN 4 - FEDERATED LEARNING

Hoc lién ket: dir liéu & lai thiet bi, nhwng chwa chac da

rieng tw
FEDAVG HOAT PONG NHU THE NAO? PIEU KIEN QUAN TRONG
(1) Server glri mé hinh chung xudng cac thiét bj — (2) méi thiét bj hoc Thiét bi khédng chi suy ludn ma con phai
bang di¥ liéu cla riéng minh — (3) glri cdp nhat mé hinh , khéng gt huan luyén cuc bé - mé hinh phai di nhe
dir liéu goc — (4) server gdp thanh mé hinh méi — lap lai. dé thiét bj tinh toan va Iwu bd nhé khi hoc.

D liéu thd khong can roi khai thiét bi.

1 Div liéu maoi thiét bi khac nhau 2 Ton tai nguyén trén thiét bi 3 Van cé rui ro riéng tw
Camera nha may A chu yéu thay san Huan luyén can nhiéu tinh toan, bd nho, Cap nhat mé hinh van coé thé chira théng
ohadm A, nha may B thdy san phim B nang lwong hon inference. Mot so thiét bi  tin vé dir liéu da hoc. Khi can riéng tw cao:
—» md hinh chung c6 thé kho hoi tu hon. c6 thé mat mang - chay cham - tam khéng  Secure Aggregation (server chi thay ket
tham gia. qua gop) - Differential Privacy (thém
nhiéu).

FL gitr di¥ liéu goc tai thiét bi, nhwng con ba bai toan: di liéu khac nhau - tai nguyén han ché - rdi ro t cap
nhat mo hinh.

HUST



Sau hwéng nghién ciru trién vong

Vision Mamba / SSM

Lam mé hinh nhin anh v&i chi phi tang cham
hon khi anh I&n

Két hop SSM véi tich chap, téi wu lwong tir
hoéa va mé rong sang detection/segmentation.

Pwa mé hinh I&n xudng thiét bj bién

Gilr kha nang clia model Ién nhung thay phan ndng badng mang
nho

Vi du véi SAM: thay encoder Ién va ding chwng cét tri thivc.

Muc tiéu: gitr chtrc ndng quan trong nhung gidm chi phi trién khai.

Lwong twr héa 4-bit

Gidm model xubng 4 bit dé tiét kiem bd
nh&

C6 thé két hop 4-bit va 8/16-bit cho cac
phan khac nhau.

Péng thiét ké HW-SW

Khéng thiét ké mang trwdc réi méi tim chip
dé chay

Kién trdc mang dwoc chon dwa trén nhirng
phép toan ma NPU/chip thwc hién tét.

Huan luyén ngay trén thiét bi

Thiét bj khéng chi suy luan ma con cé thé hoc thém
Vi du camera hoac robot cap nhat mé hinh twe div liéu
ma&i tai cho.

Muc ti€u: md hinh thich nghi v&i méi trwdng st dung
thuc té.

TinyML vision

Pwa mé hinh thj giac xudng vi diéu khién rat nhd
Model it tham sé 1a mét loi thé, nhwng van phai
kiém tra:

RAM - b nh& chwong trinh - phép toan dwoc hod
tro - do tré

Xu huédng chung: md hinh khéng chi can chinh xdc hon, ma con phai nhe hon,
thich nghi hon va phu hgp hon véi phan cirng thuce té.

HUST



Bon két luan chinh

Chon theo phan cirng trwérc
1 Biét chip dich va ngan sach p95, nang lwong TRUOC khi chon md hinh. FLOPs khdng phai toc do.

Xép chong ky thuat

2 Hiéu qua co thé cong don nhung khéng cé mét ty 1& chung; bao céo riéng storage, latency, RAM, nang lwong va accuracy.

Kha nang trién khai ciing la chat lwong

3 NMS-free, re-param, export sach va mic suy gidm sau lwong t&r hda déu phai xac minh trén backend dich.

Theo doi cac hwéoéng méi
4 SSM, sb hoc 4-bit, federated learning, foundation model xudng bién = khoang trong nghién clru.

HUST



DANH SACH POC TIEP - 1/2

Backbone va nén mo hinh

BACKBONE

MobileNetV4 (Google, ECCV 2024) - iFormer (ICLR 2025) - RepViT (CVPR 2024) - SHVIiT (CVPR 2024) - MicroViT (ISCAS 2025) - TinyNeXt (ICCV 2025) -
EfficientViM (CVPR 2025) - VMamba (NeurlPS 2024)

LUONG TP HOA

GPTQ - SmoothQuant - LSQ (learned step size) - GPLQ (2025, QAT cho ViT) - NVFP4 + Quantization-Aware
Distillation (NVIDIA 2025—-2026)

DISTILLATION - PRUNING - NAS

Hinton et al. (2015) - DeiT distillation token - CQKD (2025, nén hop nhat) - Taylor pruning - hardware-aware NAS
trong MobileNetV4

Goi y thir tw doc: MobileNetV4 — iFormer — RepViT — SHVIT — EfficientViM; nén thi SmoothQuant — GPTQ —
NVFP4.

HUST




DANH SACH POC TIEP - 2/2

Tac vu, hé thong va hoc lién ket

DETECTION

YOLO11 (Ultralytics docs, 2024) - YOLOv12 (2025, attention-centric) - YOLO26 (arXiv 2606.03748 — NMS-free, 2026) - DETR end-to-end matching

SEGMENTATION

MobileSAM - EdgeSAM - EfficientSAM (CVPR 2024) - EfficientViT-SAM (2024) - EfficientSAM3 (preprint 2025, arXiv 2511.15833)

FEDERATED LEARNING & HE THONG

Survey Federated Learning for Edge Al (2025, hon 200 paper) - Energy-Efficient FL for Edge Real-Time Vision
(arXiv 2508.01745) - tai liéu TensorRT, TFLite, CoreML, OpenVINO

HUST
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Thi giac may tinh hiéu nang cao trén thiét bj bién Trwdng hé
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